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(57) ABSTRACT 

A fastener assembly including an elongate fastener adapted to 
extend through a chamber having a longitudinal axis, a first 
end and a second end; a first seal disposed at least partially at 
the first end of the fastener to prevent leakage of fluid from the 
chamber; and a second seal disposed at least partially at the 
second end of the fastener to prevent leakage of fluid from the 
chamber. In a specific embodiment, the first and second seals 
are conical seals and a third seal is provided by a gasket. The 
invention also provides a method for securing a fluid filled 
chamber to a surface by using embodiments of the fastener 
assembly. 

13 Claims, 4 Drawing Sheets 
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1. 

FASTENER WITH BLATERAL SEAL FOR 
LIQUID IMMERSION COOLING 

APPLICATIONS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to mechanical devices and 

apparatus. More specifically, the present invention relates to 
fasteners for electronic circuit boards. 

2. Description of the Related Art 
In high performance aircraft and spacecraft applications, 

space is often limited and yet performance requirements are 
often quite high. The high performance requirements trans 
late to complex electronic circuitry. The limited space avail 
able for the electronics leads to highly dense circuitry. These 
circuits must be fastened to the vehicle frame to hold the 
circuit together and to meet the structural requirements 
thereof. Unfortunately, with space at a premium, little space is 
available for fasteners. 

This presents a problem, which is exacerbated by the cool 
ing requirements for certain highly dense electronic circuits. 
Some circuits are cooled by liquid immersion, i.e., immersion 
jet impingement cooling. This requires some or all of the 
circuit fasteners to be routed around the cooling apparatus or 
Vice versa to avoida Substantial increase in the space require 
ments of the circuit. In addition, high vertical interconnect 
counts and liquid seals require large clamping forces but leave 
little room for fasteners. 

Hence, a need remains in the art for an improved system or 
method for fastening electronic highly dense circuits in space 
limited applications, particularly those requiring liquid cool 
1ng. 

SUMMARY OF THE INVENTION 

The need in the art is addressed by the fastener assembly of 
the present invention. In the illustrative embodiment, the 
invention includes an elongate fastener adapted to extend 
through a chamber having a longitudinal axis, a first end and 
a second end; a first seal disposed at least partially at the first 
end of the fastener to prevent leakage of fluid from the cham 
ber; and a second seal disposed at least partially at the second 
end of the fastener to prevent leakage of fluid from the cham 
ber. In a specific embodiment, the first and second seals are 
conical seals and a third seal is provided by a gasket. 
The invention also provides a method for securing a fluid 

filled chamber to a Surface comprising the steps of placing an 
insert onto the surface such that a first end of the insert abuts 
the surface; placing the chamber onto the surface whereby the 
insert extends through an opening therethrough; threading a 
first end of a threaded fastener through the insert into the 
Surface thereby closing a first lower seal arrangement; and 
securing the chamber to the Surface by sealing the chamber 
with a nut thereby closing a second seal arrangement with 
respect to the chamber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified perspective view of an illustrative 
embodiment of the fastener of the present invention in 
assembled relation. 

FIG. 2 is a simplified perspective view of an illustrative 
embodiment of the fastener of the present invention in disas 
sembled relation. 

FIG. 3 is a sectional perspective view of the fastener of 
FIG. 1 in assembled relation. 
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2 
FIG. 4 is a sectional side view of the fastener of FIG. 1 in 

assembled relation. 
FIG. 5 is a sectional perspective view of the fastener of 

FIG. 1 in disassembled relation. 
FIG. 6 is a sectional side view of the fastener of FIG. 1 in an 

illustrative environment. 

DESCRIPTION OF THE INVENTION 

Illustrative embodiments and exemplary applications will 
now be described with reference to the accompanying draw 
ings to disclose the advantageous teachings of the present 
invention. 

While the present invention is described herein with refer 
ence to illustrative embodiments for particular applications, it 
should be understood that the invention is not limited thereto. 
Those having ordinary skill in the art and access to the teach 
ings provided herein will recognize additional modifications, 
applications, and embodiments within the scope thereof and 
additional fields in which the present invention would be of 
significant utility. 
As shown in FIGS. 1-6, the inventive fastener 11 includes 

an elongate bi-lateral fastener 13 including a shaft 14 with 
first and second threaded ends 15 and 17. Between the 
threaded ends and near the upper (second) end thereof is an 
annular (e.g. hexagonal) shoulder 19 integral with the shaft 
14. As best illustrated in FIGS. 4 and 6, extending below the 
shoulder 19 is a collar 21. The collar 21 has an annular upper 
portion 23 and a tapered lower portion 25. In the illustrative 
embodiment, the lower portion is tapered at an angle of 37. 
Further, in one embodiment, the fastener 11 includes a first 
seal 39 and a second seal 27. However, the invention is not 
limited thereto. 
The collar 23 seats into the second seal 27. The seal 27 is 

tapered to match the contour of the lower portion 25 of the 
collar 21. In the best mode, the conical seal 27 is fabricated 
with annealed copper, however, the invention is not limited to 
the material construction of the conical seal or any other 
component disclosed herein. The conical seal 27 seats into an 
externally threaded insert 29. The insert 29 provides passage 
and an anchor point for the bilateral fastener. In the best mode, 
the insert is titanium, but the invention is not limited thereto. 
Other materials may be used such as steel or aluminum by 
way of example. The upper end of the insert 29 is tapered to 
receive the conical seal 27 and the lower portion 25 of the 
collar 21. A flange 31 is provided at the lower end of the insert 
29 onto which an annealed crush gasket 33 is mounted. 
A polymer gasket 35 is mounted on the upper side of the 

shoulder 19 to aid in maintaining pre-load. A seal nut 37 is 
provided at the top of the assembly 11. The seal nut 37 has a 
protrusion38 adapted to engage the first conical seal 39. In the 
illustrative embodiment, the protrusion 38 and first conical 
seal 39 have a matching 37 taper as per the second seal 
assembly 25, 27, and 29. The first seal 39 engages a matching 
contour in a plate 41 in an external assembly as illustrated in 
FIG. 6. 

In the illustrative embodiment, the fastener 13 and nut 37 
are constructed of high-strength stainless steel, aluminum or 
other Suitable material. The conical seals are annealed copper 
and the polymer gaskets 35 are rubber. The annealed crush 
gasket is annealed copper. However, the invention is not lim 
ited thereto. Other materials may be used without departing 
from the scope of the invention. 

In one embodiment, the fastener 11 is assembled by secur 
ing (e.g., threading) the insert 29 onto a lower assembly 45 
clamping the crush gasket 33. (See FIG. 6.) A broached hex 
45 (not shown) may be provided in the lower assembly to 
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receive the insert 29. The invention is adapted for use with one 
or more circuit boards disposed within a cooling chamber 
adapted to be filled with a coolant. In accordance with the 
present teachings, the components and the chamber are 
stacked and a hole is provided therethrough. Next, the com 
ponent assembly stack 45, 47, and 49 is placed over the insert 
29 so that the insert 29 extends through the provided hole. 

Next, the upper portion 51 of the assembly is lowered onto 
the fastener 13 and rests on the polymer gasket 35 on the 
shoulder 19 thereof. The upperplate 41 is then placed over the 
fastener 13 and seats against the upper plate 49. The second 
conical seal 39 is inserted into a matching recess in the upper 
plate 41. The seal nut 37 is then threaded onto the upper 
threaded end 17 of the fastener 13 thereby closing the second 
conical seal 39. This seals the upper surface of the assembly 
against leakage. 

Next, the upper portion 51 of the assembly 49 is lowered 
onto the fastener 13 and rests on the polymer gasket 35 on the 
shoulder 19 thereof. The upperplate 41 is then placed over the 
fastener 13 and seats against the upper plate 49. The first 
conical seal 39 is inserted into a matching recess in the upper 
plate 41. The seal nut 37 is then threaded onto the upper 
threaded end 17 of the fastener 13 thereby closing the first 
conical seal 39. This seals the upper surface of the assembly 
against leakage. 
The cooling chamber (not shown) is then liquefied and 

pressurized with fluid fittings that allow for evacuation from 
one side of the chamber which fluid is injected from the other 
in a conventional manner. 

Thus, the present invention has been described herein with 
reference to a particular embodiment for a particular applica 
tion. Those having ordinary skill in the art and access to the 
present teachings will recognize additional modifications 
applications and embodiments within the scope thereof. 

It is therefore intended by the appended claims to cover any 
and all such applications, modifications and embodiments 
within the scope of the present invention. 

Accordingly, 
What is claimed is: 
1. A fastener assembly comprising: 
an elongate fastener adapted to extend through a chamber, 

the fastener having a longitudinal axis, a first end and a 
second end; 

an elongate insert disposed about said fastener, 
a seal nut engaging the fastener; 
a first seal disposed at least partially at said first end of said 

fastener to prevent leakage of fluid from said chamber, 
wherein a first conical end of the first seal contacts the 
seal nut and a second cylindrical end opposite the first 
end of the first seal is spaced from the fastener to create 
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a gap between the first seal and the fastener, the gap 
configured to receive the seal nut, and 

second seal on said fastener to prevent leakage offluid from 
said chamber, wherein the fastener defines a tapered 
collar which mates with a tapered portion of the insert to 
provide a seal between said fastener and said insert. 

2. The invention of claim 1, wherein said first seal includes 
a first gasket. 

3. The invention of claim 1, wherein said second seal is a 
first conical seal. 

4. The invention of claim 3, further including an annular 
shoulder disposed about said fastener. 

5. The invention of claim 4, wherein said first conical seal 
is disposed between said shoulder and said insert. 

6. The invention of claim 5, further including the seal nut at 
said first end of said fastener. 

7. The invention of claim 6, wherein said first seal includes 
the first conical seal between said seal nut and said shoulder. 

8. The invention of claim 7, wherein said fastener has 
threads at said first and second ends thereof. 

9. The invention of claim8, wherein said seal nut is adapted 
to engage said threads at said first end of said fastener. 

10. The invention of claim 9, wherein said threads at said 
second end of said fastener is adapted to engage a thread in an 
external Surface. 

11. The invention of claim 10, further including a second 
gasket between said seal nut and said protrusion extending 
around an external Surface of said elongate insert. 

12. A fastener assembly comprising: 
an elongate fastener having a longitudinal axis, a first end 

and a second end, said first and second ends being 
threaded, wherein said elongate fastener is adapted to 
extend through a chamber; 

an elongate insert at least partially disposed about said 
fastener; 

an annular shoulder integral with said fastener; 
a seal nut adapted to engage said threads at one end of said 

fastener; 
a first conical seal between said seal nut and said shoulder 

to prevent leakage of fluid from said chamber; 
a second conical seal disposed between said shoulder and 

said insert, wherein the fastener defines a tapered collar 
which mates with a tapered portion of the insert to form 
the second conical seal; and 

a first gasket extending around an external Surface of said 
insert between said second conical seal and said second 
end of said fastener. 

13. The invention of claim 12, further including a second 
gasket between said seal nut and said shoulder. 
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